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(57) A radio frequency (RF) receiver and receiving
method are provided which can remove a leakage com-
ponent from a received signal by using a local signal. In
the RF receiver, a noise removing unit controls a gain
and a phase of a local signal LOI according to a phase
THETA and a gain AMPTD detected in a MODEM, esti-

RF receiving apparatus and method for removing leakage component of received signal using

mates a signal V,, corresponding to a noise component
introduced into a received RF signal RXIN, and removes
the estimated signal V., from the received RF signal
RXIN. In this manner, a clean RF signal RXO, which does
not include a noise component, is frequency-down con-
verted in a receiving unit.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority from Korean Patent Application No. 10-2005-110549, filed on November 18,
2005, in the Korean Intellectual Property Office, the entire disclosure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] Apparatuses and methods consistent with the present invention relate to transmitting and receiving radio fre-
quency (RF) signals, and more particularly, to an RF receiver and an RF receiving method which reduces a direct current
(DC) offset due to a phase noise and improves gain linearity by estimating and removing a leakage component in a local
signal according to a phase and a gain detected from a received signal.

[0003] A radio frequency (RF) signal transceiver is utilized in a system for transmitting/receiving high speed wireless
data, such as a mobile phone, a digital multimedia broadcasting (DMB) phone, and a personal digital assistant (PDA).
A transmitter transmits data by including the data in a predetermined carrier signal. A receiver extracts data by processing
areceived RF signal. Presently, the development of a transceiver, which can be miniaturized with low power consumption
even in a ubiquitous system of a multi-band orthogonal frequency division multiplexing ultra-wide band standard (MB-
OFDM UWB), is an important issue in the design and implementation of various types of portable systems.

[0004] FIG. 1isadiagramillustrating a conventional RF receiver 100. Referring to FIG. 1, the RF receiver 100 includes
an in-phase mixer (I-mixer) 110, a quadrature-phase mixer (Q-mixer) 130, low pass filters (LPFs) 120 and 140, and a
demodulator 150.

[0005] The I-mixer 110 multiplies and frequency-down converts a received RF signal RXIN and a local signal LOI. In
this instance, a signal obtained by the multiplication is processed in the LPF 120 and an output of the LPF 120 is input
into the demodulator 150. The Q-mixer 130 multiplies and frequency-down converts the RF signal RXIN and a Q signal,
LOQ, of the local signal LOI. In this instance, the signal obtained by the multiplication is processed in the LPF 140 and
an output of the LPF 140 is input into the demodulator 150. The demodulator 150 demodulates the outputs of the LPFs
120 and 140 according to algorithms such as phase shift keying (PSK), quadrature phase shift keying (QPSK) and
amplitude shift keying (ASK), and obtains certain information contained in the signal that is demodulated. The demod-
ulated signal may be further processed in a post processor. Also, the demodulated signal may then be indicated as
information that a user can recognize, via an audio output device or display, such as a mobile phone, a DMB phone, a
PDA, and a radio frequency identification (RFID) reader.

[0006] The conventional RF receiver 100 may receive a noise component with the RF signal RXIN. The demodulator
150 has a complex task of removing effects, such as gain saturation, a DC offset, and phase variation of a received RF
signal caused by a noise component. The aforementioned complex task of the demodulator 150 for improving a signal-
to-noise ratio (SNR) of a received signal may increase a circuit complexity and power consumption. Also, the received
noise component described above may be introduced from a directional coupler (DCPLR), whichiis utilized in atransceiver
of a general full-duplex communication method. As an example, a transceiver of a system such as an RFID tag reader
transmits/receives an RF signal via one antenna. In this case, leakage of an RF signal that is transmitted may be
introduced into an RF signal that is received by a DCPLR that connects transmitting and receiving paths.

BRIEF SUMMARY

[0007] The present invention provides a radio frequency (RF) receiver which can estimate a noise component and
completely remove a noise from a received RF signal to remove effects, such as a gain saturation, a DC offset, and a
phase variation of the received RF signal caused by the noise component and can demodulate a clean signal in which
a noise is removed.

[0008] The present invention also provides an RF receiving method which can identify a noise component, such as
a leakage of a transmitting signal, and completely remove and process the noise component from a received RF signal.
[0009] According to an aspect of the present invention, an RF receiver is provided including: a noise removing unit
that estimates a noise signal introduced into a received signal by controlling a gain and a phase of a local signal according
to a phase signal and a gain signal, said noise removing unit removing the noise signal that is estimated from the received
signal; and a receiving unit that performs a frequency-down conversion of the received signal in which the noise signal
that is estimated is removed using at least one of the local signal and a Q signal of the local signal, wherein the phase
signal and the gain signal are generated from a phase value and an amplitude value of the received signal that is down
converted in the receiving unit respectively and fed back to the noise removing unit.

[0010] According to another aspect of the present invention, the noise removing unit may include: a phase correction
circuit that generates a phase controlled local signal in which the phase of the local signal is controlled according to the
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phase signal; and an amplitude correction circuit that generates the estimated noise signal, which is a signal in which
a gain of the phase controlled local signal is controlled, according to the gain signal and the phase controlled local signal,
and the estimated noise signal is removed from the received signal by a current difference between the received signal
and the noise signal that is estimated.

[0011] According to another aspect of the present invention, there is provided an RF receiving method including:
estimating a noise signal that is introduced into a received signal by controlling a gain and a phase of a local signal
according to a phase signal and a gain signal; removing the noise signal that is estimated from the received signal;
frequency-down converting the received signal in which the noise signal that is estimated is removed using at least one
of the local signal and a Q signal of the local signal; and generating and feeding back the phase signal and the gain
signal from a phase value and an amplitude value of the down converted signal respectively.

[0012] According to another aspect of the present invention, a transceiver is provided comprising a directional coupler
that couples transmission and reception of radio frequency (RF) signal to an antenna, and an RF receiver. The RF
receiver may comprise a noise removing unit that estimates a noise signal that is introduced into a received signal by
controlling a gain and a phase of a local signal according to a phase signal and a gain signal, said noise removing unit
removing the noise signal that is estimated from the received signal, a receiving unit that performs a frequency-down
conversion of the received signal in which the noise signal that is estimated is removed using at least one of the local
signal and a Q signal of the local signal. Further, a noise signal of a transmitting signal is introduced into the received
signal from the directional coupler, and the phase signal and the gain signal are generated from a phase value and an
amplitude value of the received signal that is down converted respectively in the receiving unit and fed back to the noise
removing unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other aspects of the present invention will become apparent and more readily appreciated from
the following detailed description, taken in conjunction with the accompanying drawings of which:

FIG. 1 is a diagram illustrating a conventional RF receiver;

FIG. 2 is a diagram for explaining an RFID transmitting/receiving system;

FIG. 3 is a diagram illustrating an RF transceiver according to an exemplary embodiment of the present invention;
FIG. 4 is a diagram illustrating a circuit of a noise removing unit according to an exemplary embodiment of the
present invention;

FIG. 5 is a diagram illustrating a circuit of a noise removing unit according to another exemplary embodiment of the
present invention;

FIG. 6 is a diagram illustrating a circuit of a noise removing unit according to still another exemplary embodiment
of the present invention;

FIG. 7 is a diagram illustrating a circuit of a noise removing unit according to yet another exemplary embodiment of
the present invention;

FIG. 8 is a diagram for explaining a function of a receiving unit according to an exemplary embodiment of the present
invention; and

FIG. 9 is a diagram illustrating frequency spectrums for explaining a process of processing a signal transmitted/
received by an RF transceiver according to an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS OF THE INVENTION

[0014] Reference will now be made in detail to exemplary embodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein like reference numerals refer to the like elements throughout. The
exemplary embodiments are described below in order to explain the present invention by referring to the figures.
[0015] FIG. 2 is a diagram for explaining a radio frequency identification (RFID) transmitting/receiving system 200.
Referring to FIG. 2, the RF transmitting/receiving system 200 includes an RFID tag 210 and a reader 220. The RFID
tag 210 includes identification information in an RF signal from the reader 220. The RFID tag 210 may be attached to
things, such as goods, freights, materials and securities such as stocks, certificates, etc, and also to animals and plants.
The RFID tag 210 stores identification information associated with a corresponding article in an integrated circuit (IC)
chip. The reader 220 reads and manages the identification information associated with the corresponding article, which
is stored in the IC chip, by a non-contact method. Through this, the reader 220 makes efficient management possible
with respect to productions, distributions, and sales. As described above, an RFID tag reader has been taken as an
example of an RF transceiver, but the principles described herein are applicable to all systems that transmit or receive
RF signals.

[0016] Asignalis processed in a modulation/demodulation unit(MODEM) 227. The reader 220 transmits the processed
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signal to the RFID tag 210 via a transmitting unit Tx 226, a directional coupler (DCPLR) 223, a band pass filter (BPF)
222 and an antenna 221. An RF signal which is reflected while carrying information read from the RFID tag 210 is
received in a receiving unit Rx 224 via the antenna 221, the BPF 222 and the DCPLR 223. A signal that is converted to
baseband in the receiving unit 224 may be demodulated in the MODEM 227. Also, the demodulated signal may be
processed and managed in a post processor. A phase locked loop (PLL) 225 is utilized for locking a phase of a carrier
wave signal and a local oscillation signal. In this instance, the carrier wave signal is utilized to transmit the information
contained in the demodulated signal in the MODEM 227 in the form of an RF signal and the local oscillation signal is
used in the frequency-down conversion of a received RF signal. The carrier wave signal and the local oscillation signal
for transmitting/receiving may have the same frequency f;, in the reader 220.

[0017] To easily remove a noise signal component introduced into an RF signal RXIN, as in the conventional RF
receiver, the receiving unit 224 utilizes at least one of a local oscillation signal, LOI, and a Q signal, LOQ, of the local
oscillation signal LOI for frequency-down conversion. The noise may be externally introduced into the received RF signal
RXIN by the environment. However, according to an aspect of the present invention, a leakage component may be
removed from a part of an output signal of the transmitting unit 226, which may be introduced via the DCPLR 223 when
used in a transceiver that employs a full-duplex communication method, such as the reader 220. As shown in a graph
910 of FIG. 9, when spectrum Sy of an output of the transmitting unit 226 has a certain size in carrier wave frequency
fo, leakage signal spectrum S| introduced via the DCPLR 223 may have a certain size as shown in a graph 920. In this
instance, as shown in a graph 930, an S| component 932, besides a clean Sg spectrum component 931 within =A is
included in spectrum (Sg + S| ) of a RF signal that is received in the receiving unit 224.

[0018] The RF signal RXIN received in the receiving unit 224 may be represented as Equation 1. In Equation 1, Agg s
(wrpt) corresponds to the Sy component 931, and A g, cos(w ot) corresponds to the S component 932.

(Equation 1)

Vrxin(t) = Arrcos(wrrt) + Aeakcos(wiot)

[0019] When a received RF signal RXIN is processed in a frequency-down converting mixer to convert the received
RF signal RXIN in the receiving unit 224 to baseband, phase variation, a DC offset, and gain saturation are generated
by the S| component 932. In this case, to remove the effects as described above, a circuit of a post demodulator becomes
complicated. Also, the DC offset deteriorates a signal to noise ratio (SNR) of the received signal. Accordingly, the DC
offset needs to be removed.

[0020] As an example, assuming that a local oscillation signal, LOI, and a Q signal, LOQ, of the local oscillation signal
LOI as shown in Equation 2 below, are used in a mixer for frequency-down converting the received RF signal RXIN, a
frequency-down converted signal may be represented as Equation 3. In Equation 2, e represents a phase difference
between the S| component 932 and one of the local oscillation signal LOI or the Q signal, LOQ, of the local oscillation
signal LOI.

(Equation 2)
Vioit) = ALocos(wiot + 6)

Vioa(t) = ALosin(wot + 6)

(Equation 3)
Viri(t) = {ArrCOS(WRFt) + AjeakCos(wyot)} ALocos(wiot + B)

Viralt) = {ArrCOS(WRFt) + Asakcos(wiot)} ALosin(wiot + 6)

[0021] Accordingly, when Equation 3 is utilized, it can be determined that a DC offset component, in addition to a
frequency-down converted component, exists as shown in Equation 4 below.
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(Equation 4)
DC component of Vig(t) = 1/2 AeakALocOSO
DC component of Vigq(t)= 1/2 AeakALoSinG

[0022] In an exemplary embodiment of the present invention, the received noise component as described above, i.e.,
the S| component 932, is estimated upstream of the receiving unit 224 and removed from the received RF signal RXIN.
Accordingly, a clean received signal may be generated and processed in the post receiving unit 224 and the MODEM
227. Also, in the case of demodulation in the MODEM 227, a load for removing the DC offset may be reduced.

[0023] As an example, when A ,cos(m ot) corresponding to the S| component 932 is estimated in Equation 1, a
clean received signal component, i.e., Agecos(mget) corresponding to the SR component 931, may be obtained by
removing A,cos(w ot) from the received RF signal RXIN.

[0024] For this, an RF transceiver 300 according to an exemplary embodiment of the present invention is illustrated
in FIG. 3. Referring to FIG. 3, the RF transceiver 300 includes an antenna 310, a BPF 320, a DCPLR 330 and a transmitting
unit 360. This is similar to FIG. 2. Also, the RF transceiver 300 includes a noise removing unit 340 and a receiving unit 350.
[0025] The noise removing unit 340 conceptually includes a subtracter 341 and a phase/gain control unit 342. The
phase/gain control unit 342 controls a gain and a phase of a local oscillation signal, LOI, according to a phase signal
THETA and a gain signal AMPTD, and estimates a noise signal V., that is introduced into a received RF signal RXIN.
The subtracter 341 removes the estimated noise signal, V., from the received RF signal RXIN. Accordingly, in the
method described in FIG. 1, the receiving unit 350 frequency-down converts a signal RXO in which the estimated noise
signal V, is removed from the received RF signal RXIN, by using at least one of the local oscillation signal LOIl and a
Q signal, LOQ, of the local oscillation signal LOI. In this instance, the local signal LOI and the Q signal thereof correspond
to a local oscillation signal, and the Q signal thereof which are generated in a certain PLL of the transceiver 300. Also,
the Q signal is a signal that has a 90 degree phase difference relative to the corresponding signal, as shown in Equation 2.
[0026] Frequency-down conversion in the receiving unit 350 may be achieved by multiplying the signal RXO and the
local signal, LOI/LOQ, via internal mixers as illustrated in FIG. 1, as shown in Equation 3. As an example, when the
signal RXO is 3000MHz and the local signal LOI is 1000MHz, a signal of 2000MHz may be generated by multiplying
the two signals. In this case, a generated signal in a frequency higher than 3000MHz may be filtered as noise. When a
frequency-down converted signal as above is a signal within an intermediate frequency band, the frequency-down
converted signal may be initially converted once more to a baseband by other mixers and subsequently processed in a
post LPF.

[0027] The phase signal THETA and the gain signal AMPTD received in the phase/gain control unit 342 may be
detected and fed back from a phase value and an amplitude value of a frequency-down converted signal in the receiving
unit 350, respectively. The MODEM 227 may determine a phase and an amplitude of the frequency-down converted
signal in the receiving unit 350. In this case, it is assumed that the MODEM 227 may generate analog or digital signals
corresponding to each corresponding phase value and amplitude value.

[0028] The estimated noise signal V, generated in the phase/gain control unit 342 may be represented as Equation
5. In Equation 5, when phase e is controlled to be zero and A, is identical to A,.,, the estimated noise signal V,,
becomes identical to the S| component 932 of Equation 1.

(Equation 5)
Veat = Acaicos(wot + 8)

[0029] The estimated noise signal V,, is subtracted from the received RF signal RXIN via the subtracter 341. The
received signal RXO in which the noise is removed is outputted from the subtracter 341 and transmitted to the receiving
unit 350. A substantial operation of the subtracter 341 may be performed by adding the received RF signal RXIN and a
180 degree phase converted signal of the estimated noise signal V.

[0030] FIG. 4 is a diagram illustrating an explicit circuit 400 which may be utilized in the noise removing unit 340
according to an exemplary embodiment of the present invention.

[0031] Thecircuit400 of the noise removing unit 340 may include a phase correction circuit 410, an amplitude correction
circuit 420, a load circuit 430, and an N channel MOSFET MN1 and receives a received RF signal RXIN. The load circuit
430 may include passive or active elements connected to a first power terminal VDD. Also, the load circuit 430 functions
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as a certain load.

[0032] The phase correction circuit 410 includes a first MOSFET, MP1, a second MOSFET, MN4 and a third MOSFET,
MNS5 which are connected in series between the first power terminal VDD and a second power terminal GND. Also, the
phase correction circuit 410 includes a capacitor C, connected between a source and a drain of the first MOSFET, MP1.
The first MOSFET MP1 may be a P channel type. The second MOSFET MN4 and the third MOSFET MN5 may be an
N channel type.

[0033] As illustrated in the exemplary embodiment depicted in FIG. 4, a gate of the first MOSFET MP1 is connected
to the first power terminal VDD. A gate of the second MOSFET MN4 receives a local oscillation signal LOI. A gate of
the third MOSFET MNS5 receives a phase signal THETA. A signal PLOI in which a phase of the local oscillation signal
LOl is controlled according to the phase signal THETA is outputted in a node connecting the first MOSFET MP1 and
the second MOSFET MN4.

[0034] The amplitude correction circuit 420 may include a first MOSFET, MN2, and a second MOSFET, MN3, which
are connected in series between the second power terminal GND and a node connecting one electrode of the load circuit
430 and one drain electrode of the MOSFET MN1 that receives the received RF signal RXIN. A source of the MOSFET
MN1 is grounded to the second power GND.

[0035] As shown in FIG. 4, a gate of the first MOSFET MN2 receives the phase controlled local signal PLOI, which is
generated from the phase correction circuit 410. A gate of the second MOSFET, MN3, receives a gain signal AMPTD.
A signal RXO in which an estimated noise signal V,, is removed from the received RF signal RXIN is ouput at a node
that connects the load circuit 430 and the first MOSFET, MN2, according to the phase controlled local oscillation signal
PLOI and the gain signal AMPTD.

[0036] Namely, the amplitude correction circuit 420 generates the estimated noise signal V., which is a signal in
which a gain of the phase controlled local signal PLOI is controlled according to the gain signal AMPTD and the phase
controlled local oscillation signal PLOI. In this case, it is assumed that a current io, flows in a drain of the first MOSFET
MN2 according to the estimated noise signal V. Also, it is assumed that a current io4 flows in the drain of the MOSFET
MN1 according to the received RF signal RXIN. Accordingly, output currentio is the sum of currents between io4 according
to the received RF signal RXIN and io, according to the estimated noise signal V,, which is a signal voltage of the
drain of the MN2 according to io,, and current io, flows in a node connecting the load circuit 430 and the first MOSFET,
MN2. When the gain signal AMPTD and the phase controlled local oscillation signal PLOI increase, a voltage of the
signal RXO output to the node connecting the gain signal AMPTD and the phase controlled local oscillation signal PLOI
decreases. Accordingly, the signal RXO according to the output current io corresponds to a signal in which the estimated
noise signal V,, is removed from the received RF signal RXIN.

[0037] As shownin FIG. 4, the phase correction circuit 410 controls a phase of the local signal LOI and generates the
phase controlled local oscillation signal PLOI by controlling transconductance of the MOSFET MP1 according to the
phase signal THETA, in order to make phase e in Equation 5 equal to zero.

[0038] Also, the amplitude correction circuit 420 may control an amplitude of the phase controlled local oscillation
signal PLOI and generate the current of iO, corresponding to the estimated noise signal V,, by controlling transcon-
ductance of MOSFETs MN2 and MN3 according to the gain signal AMPTD and the phase controlled local oscillation
signal PLOI, in order to make amplitude A, identical to A, in Equation 5.

[0039] FIG. 5is a diagram illustrating a circuit 500 which may be utilized as the noise removing unit 340 according to
another exemplary embodiment of the present invention

[0040] The circuit 500 for the noise removing unit 340 operates analogous to the circuit 400 of FIG. 4. In this instance,
the noise removing circuit 500 includes MP1 and MN1 to MN5, which correspond to MOSFETSs in the noise removing
circuit 400 of FIG. 4. Also, the noise removing circuit 500 includes MN1’, MN2' and MN4’ for respectively receiving
corresponding differential signals, i.e., a differential signal RXIN- of a received RF signal RXIN, a differential signal PLOI-
of a phase controlled local oscillation signal PLOI and a differential signal LOI- of a local oscillation signal LOI. Also, the
noise removing circuit 500 includes MP1’ and Cy’ for generating the differential signal PLOI- of the phase controlled
local oscillation signal PLOI. As is already known, a differential signal is a signal having a 180 degree phase difference
relative to each other and may be utilized to improve SNR of a signal.

[0041] As described above, the noise removing circuit 500 interacts with a corresponding load circuit and generates
a set of differential signals, RXO and RXO-, in which the estimated noise signal V_,, is removed from the received RF
signals, RXIN and RXIN-, using the local oscillation signals, LOl and LOI-, which are a set of differential signals, according
to a phase signal THETA and a gain signal AMPTD. In FIG. 5, a current source CS causes a current from MOSFETs
MN1 and MN1’ to flow towards a second power GND according to the received RF signals RXIN and RXIN-. Also, the
currentsource CS causes the signals RXO and RXO- in which the estimated noise signal V., is removed, to be generated.
In this instance, a certain bias may be applied to the current source CS.

[0042] FIG. 6 is a diagram illustrating a circuit 600 which may be utilized as the noise removing unit 340 according to
still another exemplary embodiment of the present invention.

[0043] The noise removing circuit 600 includes a basic circuit 610, which has common features as in the circuit 400
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in FIG. 4. In this instance, the noise removing circuit 600 includes circuits 620 and 630 to process phase signals, b4, b,,
bs, ... and gain signals C4, C,, Cs, ..., which are outputted from the MODEM 227 and in a digital form. The circuit 620
outputs an analog phase signal THETA which is determined by currents Ipy, Ip,, IP5,..., generated by turning on/off
MOSFETs. In this instance, the MOSFETSs receive N bits of corresponding phase signals, by, by, b, ... Also, the circuit
630 outputs an analog gain signal AMPTD which is determined by currents, 194, 195, 19, ... generated by turning on/off
MOSFETSs. In this instance, the MOSFETS receive N bits of corresponding gain signals, C4, C,, Cs, ....

[0044] Accordingly, the basic circuit 610 may operate similar to the circuit 400 of FIG. 4. Namely, the basic circuit 610
estimates a noise signal V., introduced into a received RF signal RXIN by controlling a phase and a gain of a local
oscillation signal LOI according to the phase signal THETA and the gain signal AMPTD. Also, the basic circuit 610
generates a signal RXO in which the estimated noise signal V, is removed from the received RF signal RXIN.

[0045] FIG. 7 is a diagram illustrating a circuit 700 which may be utilized as the noise removing unit 340 according to
yet another exemplary embodiment of the present invention.

[0046] The noise removing circuit 700 has a similar structure to the circuit 400 of FIG. 4. In this instance, a channel
type of MOSFETSs utilized in the noise removing circuit 700 is reversed from the circuit 400. Namely, in FIG. 7,a MOSFET
MP1 receiving a received RF signal RXIN, a MOSFET MP2 receiving a phase controlled local signal PLOI, a MOSFET
MP3 receiving a gain signal AMPTD, a MOSFET MP4 receiving a local signal LOI and a MOSFET MP5 receiving a
phase signal THETA are all P channel type field effect transistors. A MOSFET MN1 connected with a capacitor C is in
an N channel type. With reference to the circuit 400 of FIG. 4, the noise removing circuit 700 that has a reverse structure
from the circuit 400 of FIG. 4 described above may be understood.

[0047] As described above, when a phase and an amplitude of the estimated noise signal V., of Equation 5, which
may be estimated by using the noise removing circuits 400, 500, 600 and 700, are identical to Ag,cos(w ot) corre-
sponding to the S| component 932, a frequency-down converted output in the receiving unit 350 may show only clean
identification information by only the Sy component 931, as shown in 940 of FIG. 9. This is because phase variation or
DC offset shown in a signal synthesized by A.,cos(o ot), which corresponds to the S| component 932, is removed
and linearity of a gain is improved while the gain is not being saturated, as shown in graphs 820 and 830 of FIG. 8. In
FIG. 8, the noise removing circuit 400, 500, 600 or 700 according to an exemplary embodiment of the present invention
is not applied to a curve 810. Accordingly, the curve 810 shows that SNR decreases and linearity of a gain is deteriorated
because of a DC offset. The line 820 is a curve when an affect of the S| component 932 of Ao, cos(o ot) is greater
than in the curve 830.

[0048] When only clean identification information read from the RFID tag 210 is extracted in the receiving unit 350
and processed in the LPF in FIG. 2, information contained in A as shown in a graph 950 of FIG. 9 may be demodulated
in a stable manner. As the S, component 932 is removed in a noise removing circuit, such as 400, 500, 600 or 700
described above, the MODEM 227 may perform demodulation with a minimal burden to remove a noise effect, such as
a DC offset.

[0049] As described above, in an RF receiver according to an exemplary embodiment of the present invention, the
noise removing unit 340 controls a gain and a phase of a local oscillation signal LOI according to a phase THETA and
a gain AMPTD detected in the MODEM 227, estimates a signal V, corresponding to a noise component introduced
into a received RF signal RXIN, and removes the estimated signal V., from the received RF signal RXIN. In this manner,
a clean RF signal RXO in which noise is not contained is frequency-down converted in the receiving unit 350.

[0050] The RF receiver and receiving method according to aspects of the present invention, as described above,
estimates a noise component and completely removes the estimated noise component from a received RF signal, to
process a clean signal in which noise is not contained. Accordingly, when performing demodulation for removing a phase
variation, a DC offset and gain saturation of a received RF signal caused by a noise component, a burden for the
demodulation may be reduced. Also, a circuit area is reduced and its complexity is decreased. Further, power consumption
may also be reduced. Accordingly, the RF receiver and receiving method according to aspects of the present invention
may be utilized in a transceiver of a ubiquitous system such as a mobile phone, a DBM phone, and a PDA, for transmitting/
receiving high speed wireless data and also may increase system performance.

[0051] Exemplary embodiments of the invention can also be embodied as computer readable codes on a computer
readable recording medium. The computer readable recording medium is any data storage device that can store data
which can be thereafter read by a computer system. Examples of the computer readable recording medium include
read-only memory (ROM), random-access memory (RAM), CD-ROMs, magnetic tapes, floppy disks, optical data storage
devices, and carrier waves (such as data transmission through the Internet). The computer readable recording medium
can also be distributed over network coupled computer systems so that the computer readable code is stored and
executed in a distributed fashion.

[0052] Although a few exemplary embodiments of the present invention have been shown and described, the present
invention is not limited to the exemplary embodiments described herein. Instead, it will be appreciated by those skilled
in the art that changes may be made to these exemplary embodiments without departing from the principles and spirit
of the invention, the scope of which is defined by the claims and their equivalents.
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Claims

1.

A radio frequency (RF) receiver comprising:

a noise removing unit that estimates a noise signal that is introduced into a received signal by controlling a gain
and a phase of a local signal according to a phase signal and a gain signal, said noise removing unit removing
the noise signal that is estimated, from the received signal; and

a receiving unit that performs a frequency-down conversion of the received signal in which the noise signal that
is estimated is removed using at least one of the local signal and a Q signal of the local signal,

wherein the phase signal and the gain signal are generated from a phase value and an amplitude value of the
received signal that is down- converted in the receiving unit respectively and fed back to the noise removing unit.

2. The RF receiver of claim 1, wherein the noise removing unit comprises:

a phase correction circuit that generates a phase controlled local signal in which the phase of the local signal
is controlled according to the phase signal; and

an amplitude correction circuit that generates the estimated noise signal, which is a signal in which a gain of
the phase controlled local signal is controlled, according to the gain signal and the phase controlled local signal,
and

the estimated noise signal is removed from the received signal by a current difference between the received
signal and the noise signal that is estimated.

The RF receiver of claim 2, wherein the phase correction circuit controls the phase of the local signal by controlling
transconductance of a transistor according to the phase signal that is generated.

The RF receiver of claim 3, wherein the phase signal is a digital value.

The RF receiver of claim 2, wherein the amplitude correction circuit controls an amplitude of the phase controlled
local signal by controlling transconductance of a transistor according to the gain signal and the phase controlled
local signal which are generated.

The RF receiver of claim 5, wherein the gain signal is a digital value.

The RF receiver of claim 1, wherein the noise removing unit estimates a first set of differential signals of the noise
signal, from a second set of differential signals of the received signal and a third set of differential signals of the
local signal.

The RF receiver of claim 2, wherein:

the phase correction circuit comprises a first metal-oxide semiconductor field effect transistor (MOSFET), a
second MOSFET and a third MOSFET, which are connected in series between a first power terminal and a
second power terminal of a power source, and a capacitor that is connected between a source and a drain of
the first MOSFET,

a gate of the first MOSFET is connected to the first power terminal,

a gate of the second MOSFET receives the local signal,

a gate of the third MOSFET receives the phase signal, and

the phase controlled local signal is output to a node that connects the first MOSFET and the second MOSFET.

9. The RF receiver of claim 8, wherein the first MOSFET is a different channel type relative to a channel type of the

second MOSFET and the third MOSFET.

10. The RF receiver of claim 2, wherein:

the amplitude correction circuit comprises a first MOSFET and a second MOSFET which are connected in
series between a power terminal of a power source and a node that connects one electrode of a load circuit
and one electrode of a transistor that receives the received signal,

a gate of the first MOSFET receives the phase controlled local signal,

a gate of the second MOSFET receives the gain signal, and
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a signal in which the estimated noise signal is removed from the received signal is output to a node that connects
the load circuit and the first MOSFET.

A radio frequency (RF) receiving method comprising:

estimating a noise signal that is introduced into a received signal by controlling a gain and a phase of a local
signal according to a phase signal and a gain signal;

removing the noise signal that is estimated from the received signal;

frequency-down converting the received signal in which the noise signal that is estimated is removed using at
least one of the local signal and a Q signal of the local signal; and

generating and feeding back the phase signal and the gain signal from a phase value and an amplitude value
of the down converted signal respectively.

The method of claim 11, wherein the noise signal that is estimated is removed from the received signal by a current
difference between the received signal and the noise signal that is estimated.

The method of claim 12, wherein the phase of the local signal is controlled by controlling transconductance of a
transistor according to the phase signal.

The method of claim 13, wherein the phase signal is a digital value.

The method of claim 12, wherein a phase controlled local signal is generated in which the phase of the local signal
is controlled according to the phase signal, and a gain of the phase controlled local signal is controlled by controlling
transconductance of a transistor according to the gain signal and the phase controlled local signal.

The method of claim 15, wherein the gain signal is a digital value.

The method of claim 11, wherein a first set of differential signals of the noise signal is estimated from a second set
of differential signals of the received signal and a third set of differential signals of the local signal.

The method of claim 11, wherein the RF receiving method is utilized in a transceiver in which a noise component
of a signal that is transmitted is introduced into the received signal by a directional coupler for transmitting and
receiving RF signals.

A computer readable recording medium storing a program for implementing a radio frequency (RF) receiving method,
the method comprising:

estimating a noise signal that is introduced into a received signal by controlling a gain and a phase of a local
signal according to a phase signal and a gain signal;

removing the noise signal that is estimated from the received signal;

frequency-down converting the received signal in which the noise signal that is estimated is removed using at
least one of the local signal and a Q signal of the local signal; and

generating and feeding back the phase signal and the gain signal from a phase value and an amplitude value
of the frequency-down converted signal respectively.

A transceiver comprising:

a directional coupler that couples transmission and reception of radio frequency (RF) signal to an antenna; and
an RF receiver comprising a noise removing unit that estimates a noise signal that is introduced into a received
signal by controlling a gain and a phase of a local signal according to a phase signal and a gain signal, said
noise removing unit removing the noise signal that is estimated from the received signal, a receiving unit that
performs a frequency-down conversion of the received signal in which the noise signal that is estimated is
removed using at least one of the local signal and a Q signal of the local signal,

wherein a noise signal of a transmitting signal is introduced into the received signal from the directional coupler,
wherein the phase signal and the gain signal are generated from a phase value and an amplitude value of the
received signal that is down converted respectively in the receiving unit and fed back to the noise removing unit.
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FIG. 7
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FIG 8
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FIG 9
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